Introduction {#Sec1}
============

Gunshot wounds (GSW) are the third most common cause of spinal cord injuries (SCI) in the United States, accounting for 10.4% of them \[[@CR1]\]. Cervical spine injuries secondary to GSW are often managed nonoperatively with only a small percentage requiring surgical management \[[@CR2]\]. GSW to the cervical spine carries a higher risk of causing neurological deficits than blunt trauma with patients rarely recovering \[[@CR3]\]. Neurological deficits include Brown-Sequard syndrome, hemiplegia, quadriplegia, and permanent ventilator dependence \[[@CR4]\]. Spinal cord injury (SCI) can be incomplete or complete, but the overwhelming majority of penetrating cervical spine injuries result in complete injury \[[@CR5]\]. Here we report on a rare case of complete SCI secondary to a civilian GSW to the cervical spine where the bullet is lodged in the cervical spinal canal and review the current treatment algorithm for the surgical management of this neurologically devastating injury.

Case presentation {#Sec2}
=================

A 28 year-old male was involved in a motor vehicle accident after being shot in the neck from behind while driving his car. He was brought to our trauma center for evaluation by EMS. On presentation, the patient was hypotensive and obtunded. All labs were normal except for toxicology screen positive for cocaine and marijuana. He had a gunshot entrance wound on the left lateral aspect of his neck in the mid cervical region with scant bloody ooze but no frank leakage of spinal fluid (CSF). No exit wound was seen. On neurologic exam, he did not have any spontaneous movement of or reflexes in his extremities nor motor response to deep noxious stimulation. He had a C4 sensory level and was noted to have an erection and no voluntary anal contraction.

He was intubated for airway protection and hemodynamically stabilized by the trauma surgery service. Head computed tomography (CT) and trauma imaging were all normal except for the cervical spine (Figs. [1](#Fig1){ref-type="fig"} and [2](#Fig2){ref-type="fig"}). CT and CT angiogram of the cervical spine showed the bullet and bullet fragments in the middle of the spinal canal at the C4/5 level. The bullet entered via a left posterolateral approach fracturing the left C5 lamina and the inferior portion of the C5 vertebral body into the right transverse foramen and superior facet. There was no vascular injury appreciated (Fig. [3](#Fig3){ref-type="fig"}).Fig. 1Anteroposterior X-ray of the patient's cervical spine demonstrating the retained bullet within the cervical spinal canal.Fig. 2CT reconstruction of the patient's cervical spine demonstrating the bullet lodged within the middle of the spinal canal.**a** Coronal, **b** axial, **c** sagittal.Fig. 3Coronal reconstruction of CTA head/neck demonstrating no vascular injury.

The gunshot wound was superficially debrided at the bedside and packed. It was decided to manage this injury nonoperatively since there was no active CSF leak nor spinal instability. The patient was admitted to the intensive care unit. Over the ensuing days, the patient's mental status improved, but he remained a complete SCI at the level of C4. The medical team thoroughly counseled the patient regarding his neurologic injury and prognosis for recovery. He expressed his understanding and desire to receive all possible care. His hospital course was complicated by failure to be weaned from the ventilator, requiring a tracheostomy on hospital day (HD) \#3 and a percutaneous endoscopic gastrostomy tube on HD \#17. He developed a heart arrhythmia requiring placement of a cardiac pacer on HD \#20 and intermittent fevers of unknown origin. On HD \#25, he became acutely unresponsive and was noted to be in cardiac arrest from a presumed PE. He was resuscitated but his neurologic exam deteriorated to where he lost all brainstem reflexes. After a lengthy discussion with the family, they decided to withdraw care and the patient expired shortly thereafter.

Discussion {#Sec3}
==========

After medically stabilizing patients following a GSW to the cervical spine, physicians must determine the appropriateness of additional interventions. Like this case, GSW to the cervical spine is often managed nonoperatively. Of note, a bullet fragment in the spinal canal is associated with a roughly 13-fold increase in the odds of paralysis such as in our case presentation \[[@CR6]\]. Surgical intervention normally involves decompression and stabilization if there is a progressive neurologic deficit or spinal instability \[[@CR3]\]. Evidence suggests surgical management may not improve neurological recovery for both incomplete and complete deficits \[[@CR7]\]. A literature review identified two large case-series focused specifically on cervical GSW and its neurological outcomes \[[@CR3], [@CR7]\]. Kupcha et al. determined there was no benefit to surgical decompression for incomplete or complete lesions \[[@CR7]\]. Among patients with complete lesions 67% improved one cervical root after surgical decompression while 64% had the same improvement without surgery; no improvement was seen among the seven patients with incomplete lesions, two of whom were managed surgically \[[@CR7]\]. Beaty et al. did not provide a statistical comparison of neurologic recovery in surgical versus nonsurgical management; however, they recommended surgical intervention in patients with neurological decline secondary to cord compression \[[@CR3]\]. They noted that patients with incomplete SCI demonstrated an average American Spinal Injury Association motor score improvement of 10.5 points while those with complete injuries experienced an average improvement of 5.92 points \[[@CR3]\]. In cases managed nonoperatively several studies have attempted administering high-dose steroids given their utility in blunt trauma, but no significant clinical benefit has been achieved in these studies as it has already been shown that high-dose steroids are not beneficial and can be harmful in SCI \[[@CR8]\]. Indications for surgical intervention include new onset progressive neurological deficit, an intracanal bullet impinging on neural elements and at risk of migration, mechanical instability, CSF leak, and evidence of acute lead intoxication \[[@CR4], [@CR9]--[@CR11]\]. In cases requiring surgery, anterior, posterior, and combined approaches may be utilized depending on the bullet's trajectory and injury pattern to the spine and the surgeon's judgment. Lesions of the craniocervical junction have successfully been managed via a transoral approach while laminectomy and the other standard approaches may be more appropriate for the subaxial cervical spine \[[@CR4], [@CR12]\].

Tetanus prophylaxis is recommended for all patients if their last immunization date is unknown while antibiotic prophylaxis for 48--72 h may reduce infection secondary to airway or esophageal perforation \[[@CR4]\]. Cervical collars should be utilized until deemed unnecessary after a thorough spine evaluation. Along with correction of and continued monitoring for hemodynamic instability, immobile patients should be turned regularly, perform breathing exercises to prevent respiratory complications, receive physical and mechanical deep venous thrombosis prophylaxis. and engage in regular physical rehabilitation exercises \[[@CR13]\].

If surgery is utilized, its timing may impact the rates of certain sequelae of GSW to the spine. When there is concern for infection and a need for wound debridement, surgery performed within two weeks of injury has been associated with lower rates of infection and arachnoiditis in the lumbar spine \[[@CR14]\]. Although the lumbar spine is associated with the risk of abdominal viscus perforation and contamination with intestinal contents, timing of surgery in the cervical spine may also impact these outcomes and further research is required on this issue. Retained bullets--particularly those in contact with CSF or synovial fluid--may cause lead intoxication in the future; early surgical removal may prevent the development of this sequela \[[@CR4], [@CR15]\]. Another late sequelae of traumatic SCI is progressive neurological loss due to spinal cord tethering, myelomalacia, or syringomyelia \[[@CR16]\]. Surgical intervention, such as spinal detethering and cyst shunting when indicated, can successfully arrest these progressive deficits \[[@CR16]\].

The acute nature of the individual's SCI, resulting complete deficit, and lack of spinal instability and cerebrospinal fluid leak allowed us to manage this patient nonoperatively. In patients with progressive onset of a deficit, intervention would be warranted. When considering surgical management, surgeons must weigh the risks associated with their intervention. Surgical intervention increases the risk of morbidity for a patient population that already experiences a morbidity rate that may exceed 90% \[[@CR7]\]. In the peri- and postoperative period, complications include urinary tract infection, pneumonia, and wound infection \[[@CR7]\]. Surgical procedures, and laminectomy in particular, also carry long-term risks. Laminectomy within two weeks of sustaining a GSW has been associated with a higher incidence of cerebrospinal-cutaneous fistulae. Long term, it may destabilize the spine, leading to deformity \[[@CR4]\].

A GSW to the cervical spine carries significant morbidity. Here we present a unique case where the bullet was lodged within the middle of the spinal canal and caused a complete SCI. Management of civilian GSW to the cervical spinal cord can be performed in a variety of ways depending on the degree of neurologic injury and the stability of the spine, as well as other associated injuries. Given the high risk of morbidity and overall poor neurological recovery after surgical intervention for SCI secondary to GSW, physicians must understand the appropriate indications for surgical intervention.
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